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1. BRIEF DESCRIPTION OF THE RESEARCH WORK

The study under contract was designed to statistical proces-

sing and meteorological parameterization of the aerosol par-

ticle spectrum obtained from simultaneous measurements at

three neighboring mountain stations of about 1 km height

difference each (highest-situated station 3 km a.s.l.).

The measured values compiled in this report and their para-

meterization shall provide the means to infer for a larger

geographical area around our stations on the basis of known

meteorological conditions the particle size spectrum and to

derive therefrom predictions about visibility conditions.

The large-scale validity of the measurement results has been

verified through comparing the fine structures of radiosonde

ascents at our Institute with those from the German Weather

Service at Munich. The linear distance between the two radio-

sondes is nearly 90 km. From the clearly positive results of

these comparisons it can be concluded that under certain me-

teorological conditions (no front systems close by) the ap-

plicability of our data obtained at 1.8 km (about 830 mb)

and 3.0 km a.s.l. (about 710 mb) is valid in practice for a

range of 200 km distance at least from the west across the

north to the east and thus specifically at and above the

boundary layer, i.e., between 2 - 3 km altitude above sea

level where the influence of near-ground sources of air pol-

lution is negligible. Yet, it is but natural that within the

boundary layer, mainly between ground and 500 - 800 m above,

also horizontal inhomogeneities are to be expected.

The data tables compiled in our present report show the fre-

quency distributions of the particle concentration per size

interval whereby the applicability of these tables certainly

gains in value.
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For the most important parameters used for classifying the

data material the aerosol profiles have been plotted graph-

ically in order to increase in this manner the clearness of

the results.

We refrained from including in this report - on account of

the voluminous amount of data alone - our verbal interpre-

tations of the measured results. Thus, the data tables and

diagrams presented per parameter constLtute the core of the

information to be provided.

2. SUPPLEMENTARY STATEMENTS AND REFERENCES TO PRECEDING

REPORTS TO FACILITATE UNDERSTANDING OF THE RESULTS

First it should be mentioned that we dispense in this report

with the prebentation of data obtained with the Knollenberg

particle analyzer. Results acquired with this type of instru-

ment in the valley (0.7 kin) and on the Wank (1.8 km a.s.l.)

are found in our interim Scientific Report of 30 April 1979.

A noteworthy augmentation of this type of data was not pos-

sible because the measuring device on the Wank was so severe-

ly damaged zy a lightning stroke that it was out of operation

for 9 months until complete repair and recalibration.

Therefore, we restrict ourselves in the present report to

the 11-year measuring series obtained with the five-fold

double stage impactors, including the full year 1980.

A detailed description of this five-fold double stage impac-

tor is found in our Progress Report No.2 of 20 October 1978

in Chapter 3, pages 5-10. ThLs description includes also the

method of counting the aerosol particles deposited on the

slides of the 5 stages by means of an automatic microscope
with TV-camera and connected computer for the control of the

3;
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microscope table and recording of particles. In Figure A we

show once more the deposition curves for the separately work-

ing but parallel-operated double impactor stages.

The mean diameter D- D is indicated in each deposition

curve:
D = 0.23 Pm

D2 = 0.45 gm

D3 = 0.93 .m

D 2.0 m

D = 4.5 m

Besides, the data tables show always the relevant mean

particle diameter per impactor stage.

Based on different parameters, Tables 1 - 98 present, as

mentioned, a. the frequency distribution of the particle

concentration per particle size class, D ....D5, where the

frequency is given in 1/10%, b. the appertaining mean value,
c. the number of measurements, and d. the simple scatter

sigma.

On a total of 51 diagrams the spectra are given on the basis
of the different parameterizations. The particle concentra-

tion dN d log D (cm3) is plotted at the ordinate; the abscis-

sa shows diameter D in micrometers where the five mean depo-
' ._?sition diameters per impactor stage (see Figure A) are in-

dicated by values D - D5.

I The legend of tables contains the respective parameters as

well as a reference to the number of the appertaining table

in which the measured values can be found in digitized form.

4.
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3. BRIEF DESCRIPTION OF THE GEOGRAPHICAL SITUATION

Figure B gives an overview of the geographical situation.

The partial picture in the upper left clearly reveals that

our measuring stations Garmisch-Partenkirchen (0.7 km),

Wank peak (W; 1.8 kin), and Zugspitze peak (Z; 3 km a.s.l.)

are located at the northern edge of the Alps south-south-

west of Munich. With regard to their favorable geographic

location, at least the stations W and Z provide particle

size spectra whose range of validity extends far to the

north into the pre-alpine region. Something must be said

hereon later.

The main map on Figure B illustrates in detail the topo-

graphy of the terrain (the 3 stations in circles, I =

Institute, valley station at 740 m a.s.l.).

-6-
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4. THE PARAMETERS USED FOR CLASSIFYING THE ENTIRE MATERIAL

TABLE A

Parameterization of aerosol particle spectra at the three

stations on Data Tables 1 - 98

Table Number Parameter

1 - 3 Total mean values for the 3 stations

Garmisch, Wank peak, and Zugspitze peak

4 - 15 Total mean values per station, sepa-

rately for seasons

16 - 21 Differentiation according to air mass

type, valley station

22 - 27 Differentiation according to air mass

type, Wank peak

28 - 33 Differentiation according to air mass

type, Zugspitze peak

34 - 35 Measured values in Garmisch at extremely

high and extremely low temperature,

respectively, on the Zuqspitze

36 - 37 Same as above for particle spectra at

Wank peak

38 - 39 Same as above for particle spectra at

the Zugspitze

--i-



40 - 46 Particle spectra in Garmisch at

different rel. humidity

47 - 53 Same as above for station Wank

54 - 60 Same as above for station Zugspitze

61 - 65 Particle spectra in the valley at

different aerosol concentration (meas-

ured by weighing of exposed aerosol

filters)

66 - 67 Same as above for station Wank

72 - 74 Particle size spectra for different

visibility conditions in Garmisch

75 - 79 Same as above for station Wank peak

80 Particle size spectra on the Zugspitze

at visibility >95 km

81 - 87 Particle size spectra in Garmisch with

different exchange coefficients between

valley and Wank

88 - 94 Same as above for particle size spectra

at Wank peak

95 Particle size spectra on the Zugspitze at

extremely weak exchange between valley

and Wank

9- 98 Particle spectra at the 3 station with

high concentration of Be7, i.e., during

strong influx of stratospheric air down

to Zugspitze level at least

-9-
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TABLE B

Parameterization of aerosol particle spectra at the three

stations on Figures 1 - 51

Figure Number Parameter

1 Entire material

1 - 5 Mean spectra per station for the four

seasons

6 - 8 Spectra for extreme particle concentra-

tion

9 - 11 Spectra per station for different

seasons

12 - 13 Spectra for extremely high and extreme-

ly low aerosol concentrations, resp.

14 - 19 Spectra for different air mass types,

separately for stations

20 - 25 Different air mass types per station

26 - 30 Spectra from the 3 stations at extreme

temperatures on the Zugspitze

31 - 37 Spectra with different rel. humidities

per station

38 - 41 Spectra at different aerosol concen-

trations per station

42 - 46 Particle spectra at different visibil-

ity conditions per station

10
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47 - 50 Particle spectra at different exchange

coefficients between valley and Wank

51 Particle spectra at the 3 stations in

the case of extremely high values of

the Be7 as indicator of stratospheric

air intrusions down to Zugspitze.

As mentioned before, we dispense here with a discussion of

singularities in the contents of tables and figures. The

importance of those will largely depend on the specific sci-

entific aspect of the respective reviewer. Depending on the

kind of parameter and station there are indeed significant

differences in the spectra allowing a manifold application

of same.

5. ON THE SPACIAL VALIDITY OF THE AEROSOL SPECTRA MEASURED

AT THE MOUNTAIN STATIONS; VERIFICATIONS WITH THE AID OF

RADIOSONDE COMPARISONS

A first study, based on comparative radiosonde ascents at

Garmisch-Partenkirchen and Munich, was described in the Inter-

im Scientific Report of 30 April 1979 in Chapter 4 from page

8 on. It should be noted at this point that, in all, further

more than 100 radiosonde comparisons are available which prac-

tically led to the same result as shown in Table 2 on page 10

of the above report. That means in other words: In round 50%

of the cases we find between 900 and 600 mb agreement - often

down to the details - in the fine structures of radiosondes

flown the same day at Garmisch-Partenkirchen and Munich. The

accompanying weather situations have been analyzed: In the

majority of cases we had high pressure weather permitting for-

- 11 -



mation of homogeneous layers over an area of 200 - 400 diameter

north of the alpine region. If there appeared differences in

the structures between Garmisch-Partenkirchen and Munich

they could, as a rule, readily be attributed to meteorolog-

ical disturbances of synoptic scale like frontal systems.

In Figures 1 - 15 we show at first cases with good to ex-

cellent agreement between 900 and 700 mb (800 - 700 mb at

least) mainly of the lapse rates of temperature but in many

cases also of relative humidity which is, of course, stronger

subjected to local fluctuations. But there are cases in which

almost perfect agreement is found even in the fine structure

of the relative humidity (Fig.1, Fig.4, Fig.5, Fig.6, Fig.8,

Fig. 11, Fig. 12, Fig. 14).

This first group of 15 comparisons is however only a repre-

sentative selection from a still greater number of compari-

sons we made. In Figures 16 - 19 follows a series where

still reasonably good agreement is observed in the range of

temperature. In the relative humidity we have partly very

good (Fig.18) and partly moderate conformity.

A group of radiosonde comparisons is now shown in Figures

20 - 24. We observe that here marked differences appear in

the temperature lapse rate and relative humidity which

clearly contrast with the good agreement in the other fig-

ures mentioned. Studying the weather maps regularly reveals

that in such cases a frontal system moved between the Munich

and the Garmisch radiosonde leading inevitably to. tempera-

ture changes in the lower troposphere and thus also to

humidity changes in the same region. Naturally, under such

conditions, agreement in the atmospheric structure and hence

also in the aerosol distribution with height can no longer

be expected.

*12
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6. CONCLUSIONS

The importance of such radiosonde comparisons Garmisch-

Partenkirchen/Munich for a verification of the horizontal

range of validity of our measurements lies in the fact that

the vertical thermal stratification or temperature structure

is decisive for the control of the vertical exchange and

thus for the inhomogeneity or homogeneity of the aerosol

layer. This has been extensively described in our Interim

Scientific Report of 30 April 1979 and documented there

by Figures 5 - 6.

We believe that the analysis performed by us of radiosonde

ascents the same day at two sites round 90 km apart gives

more conclusive evidence than a few (originally planned)

comparative lidar profile measurements which could have been

made on some rare days only. Moreover, expenditure of time

and material required for the performance of such compara-

tive lidar measurements over a large horizontal distance

would have exceeded by far the funds available as became

apparent only during the course of practical work in the

last three years.

Thus, we are convinced to have been able to prove, even

without such expensive field experiments, that the aerosol

spectra obtained at our mountain stations during 11 years
are under the respectively defined meteorological conditions

of sufficiently large-scale significance and applicable to

an atmospheric layer of about 850 - 650 mb.

-13-
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W FIG. NO: 01
G-0 W--0m Z94

740 170m 264m PARAMETER- MEAN OF TOTAL PERIOD

3 DATA: T ABLE S 0 1, 02, 03

10 -_ _ _ _-

* TOTAL PERIOD: li _ _ I _

1970 - 1980

C- 1

10____

z

*10- - 4 _ _

u -2

0

0 02ID
0.2 0. __2610 2

IV

aerodynamic particle diameter 0 (microns)



6--- W--- Z-"*'FIG. NO: 02

740m lB0m 2964m PARAMETER= MEAN PER SEASON: SPRINa

3 DATA: TABLES 05,09,13

TOTAL PERIOD-
1970 - 1980

o 102
~10

z

C
0

-10--

,
C
0

0

44

L10 C

20.20. 1 2 10 0

aerodynamic particle diameter D (microns)



G- W-- FIG. NO: 03

740m 1780m 2964m
PARAMETER- MEAN PER SEASON: SUMMER

3 DATA: TABLES 06. 10, 14
10-____

TOTAL PERIOD: - _ __ _

1970 - 1980_____ _ _ __ ___ _ _

__- 00

S10 '___ _

00

101

y 0

o-

C -

0.2 0. 2 10- - 20- ___

aerodynamic particle diameter D (microns)



G- W--- Z-..- F1. NO: 04

740m 1780m 2964m
PARAMETER= MEAN PER SEASON: AUTUMN

3 DATA: TABLES 07,11,15
10 -_ _ . .

TOTAL PERIOD:
1970- 1980

10.0
I%

Ch :t&., , t v

0 - x I I\--

1 z 100
10- _

Z 1 0 -- . .C__

0 - -'a . 10 " _ _ _o-

0.2 06 10 20

-aerodynamic particle diameter D (microns)

I' __ _
* .'.I. -'-- -." _ _... . . .= -.. . .



G- W FIO. NO: 05

740m 1780m 2964m
PARAMETER = MEAN PER SEASON: WINTER

3 _DATA: TABLES 04,08,12

10 - _ _ _ _

TOTAL PERIOD:

1970 - 1980

U :

oM 1__

10 0

.V 10-1

C
0

02 0 31 b&0 20

S_,-_-, 10 0_..

aerdynmi paricl dimte_(iros



FIG. NO: 06
--- Mean: GARMISCH (VALLEY 740 M)
__--__very high conc. FREQ-~IO %

very Low conc.) FREQ. 10% PARAMETER= MEAN OF TOTAL PERIOD AND EXTR
- 3DATA: TABLES O1 PARTICLE CONCENTRATON

10 3  .. ... ... . ... ....

TOTAL PERIOD: ,,

1970 - 1980

E _

10-
o 0

g0 in

-

.o 10- .

CL 10'

10-00.2 _ .6 2 6 10 2

acdD

.4 aeoyai0arilOimtr mcos



Mean: FIG. NO: 07
--- very high conc. WANK PEAK 1780 M *
-_.-very ow . FREQ. ~0%

PARAMETER= MEAN OF TOTAL PERIOD AND EXTREM
3 DATA: TABLES 02 PARTICLE CONCENTRATIO

10 3  ......... ..

TOTAL PERIOD:
1970- 1980

-- 10 2

Cn 10,

o 10 _
10- 4- __.

.0

z

C

1u 10- 
_ 

_o,

CL 0

S10- t it_ t -_

DI 2__ __ bi -;--- - __

0.2 0.6 1 2 6 10 20
aerodynamic particle diameter D (microns) j

i-IL



FIG. NO: 08

Mean: 
ZUGSPITZE PEAK 3000 M

very high conlc. 
TLpRO ADET

-- very Low conc.] FRQ.10 PARAMETER= MEAN OF TOTA EIDADETE

__- 
DATA: TABLES 03 PARTILE CONCENTRATION

TOTAL PERIOD:
1970 -1980

p10,
E

CA 1
0

z0
0 10

C
0

~10-
C

C
0

II

-4

*10 - D 2 3 /. 05

0.2 0.6 1 2 6 10 20

aerodynamic particle diameter D (microns)



FIG. NO: 09
GARMISCH (VALLEY 740 M) 4

SPRING-
S UMM ER PARAMETER- MEAN PER SEASON

DATA: TABLES 05, 06

10 3 _ 
_ _ 

_

TOTAL PERIOD: __

1970 - 1980____- - ___

o1 _ __ __

0
E

z 0
v10-_ __

C _ _ _ _ _

0

10-_

CL 10-3- _ _ _

0.D 06 2 10 20

aerodynamic particle diameter D (microns)

7 'L r :-



FIG. NO: 10
SUMMER WANK PEAK 1780 M1
AUTJ N
WINTER PARAMETER- MEAN PER SEASON

DATA: TABLES 08, 10,11
1 0_ _.. ...... .... .... ...

TOTAL PERIOD: ,-
1970- 1980

-- 

-
10-

U

o 1 ___"'_

n 10 ...
0 __

z.
0

.2

-* 10-

0U 1-2

•, 10- _

01 2 1D31 T I
0. 06 1 2 6 10 20

aerodynamic particle diameter D (microns)

- ~ --- Ala,



FIG. NO: 11
WINTER ZUGSPITZE PEAK 3000 M

SPRING ....
SUMMER PARAMETER= MEAN PER SEASON
AUTUMN -DATA: TABLES 12, 13, 14, 15

TOTAL PERIOD:

1970 - 1980

102

E
u

1
.0

z 0

00

0V

~10

C

00-

0 .3
Co 10 --- _

10 - 01 I2 -D3 - 0

0.2 0.6 1 2 6 10 20

aerodynamic particle diameter D (microns)



- W-- FIG. NO: 12
740m 1780m 2964m

PARAMETER= VERY HIGH PARTICLE CONCENTRATION

DATA: TABLES 01,O2,03 (FREQUENCY "O%)

10 
... .. .... ..

TOTAL PERIOD: -

1970 - 1980 _

CA 10 _o10- __ , _

0

-0 100
* 0\

\,\

C

0 _ _

U. -0-1

Slo-2

u

C. 10 -  _

- 4

0.2 0.6 1 2 6 10 20

-aerodynamic particle diameter D (microns)

, 0 ' -
-7 

-W 
7. Y- -.



FIG. NO: 13

40m 178Gm 296Mm PARAMETER- VERY LOW PARTICLE CONCENTRATION

DATA: TABLES 01,02,03 (FREQUENCY "10%)

1 0 3 .. . ...... . . . ... . . .

TOTAL PERIOD:
1970- 1980

-- 10z  .-. .

"
o - -10 -.

.0 

.

' , 0
L-.\ 

\

I IV 10-z3

.x 1 0"-

1- , , _

2 - 1 -

600

-,-

,r .

- - -., . - ....- -... ,



W Z FIG. NO: 14

740m 1780m 2964m
PARAPETER= AIR MASS TYPE: POLAR-MARITIME

3 DATA: TABLES 16,22,28

10 ------- _ - ..

TOTAL PERIOD:
1970 - 1980

M 10 2~__ _ _

10

z 0_

0
C

0

.~10-' _ _ _

C X___ _

O - - --\ _-
loo2

U

02 -- % -_

L. -2 _ _ _

CL10 .

~--

j -- -3_

10 DI 35

0.2 0.6 1 2 6 10 20

aerodynamic particle diameter D (microns)

"~- ;.. •- - " --- - T" - . . -- "-. . . .-- "--. - - -



G- w--- z-... FIG.NO: 15
740m 1780m 2964m

PARAMETER= AIR MASS TYPE: POLAR
3 DATA: TABLES 17,23,29

10
TOTAL PERIOD:

1970 - 1980

0 - -- ____U \

E\
u

Q 1_
Cn10- __

zL 0

10 -  . , ,

o 10- _-.

0-

U 3"
CL 10 -

_ 0.2 0.6 1 2 6 10 20

aerodynamic particle diameter D (microns)



G- W Z FIG.NO: 16

74G m 1780m 2964m
PARAMETER- AIR MASS TYPE: POLAR-CONTINENTAL

3 DATA: TABLES 13,24,30

10-
TOTAL PERIOD:

1970 - 1980

~ 10z  __ _

0I

z

u S,\

O 1_ I_
0 3 __\

I0-I  \ 10-
--4-

,10

D 10-D2 - t

0.2 0.6 1 2 6 10 20

aerodynamic particle diameter D (microns)

In- - - ___ - - -,__



o - w--z-- FIG. NO: 17

740Om 1780m 2964m PARAMETER= AIR MASS TYPE: MARITIME

3 DATA: TABLES 19D 25, 31

10 - __ _ _

TOTAL PERIOD-
1970 - 1980 _______ ______

E _ _

10- _ _ _ _ _ __ __ _

0

CL 102--___ __

10 1 jo 2 K b 04 05

0.2 0.6 1 2 6 1020
aerodynamic particle diameter 0 (microns)

- . -=-



G- W--- Z-.. FIG. NO: 18

740m 1780m 2964m
PARAMETER= AIR MASS TYPE: CONTINENTAL

3 DATA: TABLES 20,26,32

10- _

TOTAL PERIOD:
1970 - 1980 -

2

0 101 __

0

0

.~10--

C __

U lo -

10, 

a - -10__ _

01 10 2 t1~ ID3 05
0; 2 0.6 1 2 6 10 20

aerodynamic particle diameter 0 (microns)

b- m



G- W--- Z FIG.NO: 19

740m 1780m 2964m
PARAMETER= AIR MASS TYPE: TROPICAL-MARITIME

3 DATA: TABLES 21,27,33
10

TOTAL PERIOD:
1970 - 1980

M- 1-
o 1 ___ \_
0 10 "'._ _- ,

0
10_

0

C,' 10 -

022 6 10 20

aerodynamic particle diameter D (m icrons)

. ..0). . . .. ----- ----__ _ _-_.-.....'''. .. . .." . . -

"- q "- ,' 'T ;, _ _ _ . . ....._...._ _. ...... . ..



FIG. NO: 20
POLAR-MARITIME GARMISCH (VALLEY 740 M) *
POLAR
POLAR-CONTINENTAL --- PARAMETER- AIR MASS TYPE

3 DATA: TABLES 16, 17, la
10-_ _ 1 - _ _ __ __ _

TOTAL PERIOD:
1970- 1980

,. 10z "

_____ ' _ __ _ __ _

o 0 _.

0

0 O
__ IL \\ ___

I0-I
0I _ __

0

o 10-2 "1'- - -_ _ __ _

4 10_

U 1' -. iii

t• 10- ,  01 02 f IND t0. 0.2 0.6 1 2 6 10 20
ardn01 pi d5 D

-: #aerodynamic particle diameter 0 (microns)

- .- -i- - -



FIG. NO: 21

MARITIME GARMISCH (VALLEY 740 M) *
CONTINENTAL
TROPIC-MARITIME --- PARAMETER= AIR MASS TYPE

3 DATA: TABLES 19,'20,21

10 - _ji z __

TOTAL PERIOD.
1970 -1980

10 2 ~ T- _ _ _

10 z

o 1 - - _"'

"o 10_.°= IINA Iz
0

. 10_ .,.
CI

o 10

10 -2-

10-

4 1 D 0 13 104 !D51

0.2 0.6 1 2 6 10 20

aerodynamic particle diameter D (microns)
* A



FIG. NO: 22

POLAR-MARITIME 
WANK PEAK 1730 M *

POLAR
POLAR CONTINEN'TL 

PARAMETER- AIR MASS TYPE
DATA: TABLES 22,23,24

TOTAL PERIOD:
1970 - 1980

Cn 10, -------- --E
u

C 1
0

0) -- I--
z
a 10
C
0

0

C
C

0
u102o.1 ----- 

-

-33

4
10 Di 02 1 3 101 05

0.2 0.6 1 2 6 10 20

aerodynamic particle diameter D (microns)

'- ----- -



MARITIME - - - FIG. NO: 23

CONTINENTAL WANK PEAK 1780 M *

TROPIC-MARITIME PARAMETER= AIR MASS TYPE

3 DATA: TABLES 25, 26, 27

10

TOTAL PERIOD:
1970 - 1980

,0., 10_

Cn10 -1 \ ,w 0o 10-_

o - -' - _ _ _

0 -

-4- 10 NX i_ _

C.1

0

10- --200

10 D2 102 __3 _4 D

aerodynamic particle diameter D (microns)

-ii-



FI0. NO: 24
POLAR-MARITIME ZUGSPITZE PEAK 3000 M
POLAR -

POLAR-CONTINENTAL --- PARAMETER= AIR MASS TYPE
3 DATA. TABLES 28,29,30

TOTAL PERIOD:
1970 - 1980

C- 102

E~ __-, __,

10

z 0

0

10- 1 __

0
-~10-2 

__

C __

u

o

-L 10-4-. "_ _ _ _ _

"I0-4 o 10- _____

10- 1 02 0N

0.2 0.6 1 2 6 10 20

aerodynamic particle diameter D (microns)



FI10. NO: 25
MARITIME ZUGSPITZE PEAK 3000 M
CONTINENTAL-
TROPIC-MARITIME PARAMETER= AIR MASS TYPE

i3  DATA: TABLES 31,32,33

TOTAL PERIOD: _ _ _1- - _ _

1970 -1980__ _____

S102 _ _ _

z 0
10

0 01

C _ _

C
0

u 10-2__

L 1

0

0.2 0.6 1 2 6 10 20 j
aerodynamic particle diameter D (microns)

-- 'Lab,



G- W- FIG- NO: 26

740 m 1780m 2964m PAAEE=AIR TEMPERATURE AT ZUGSPITZE <-15 0C
3 DATA: TABLES 34, 36, 38

10- _ _

TOTAL PERIOD:
1970 -1980 ___ - _ _-

10 - _ _ _

v10o __ ____ _

0

~.10- _

C ____Ns

0

CL10- _

0.2 0.6 1 2 6 10 20

aerodynamic particle diameter D. (microns)



- W Z FIG. NO: 27 !

740m 1780m 2964m
PARAMETER= AIR TEMPERATURE AT ZUGSPITZE > 5 C

3 DATA: TABLES 35,37,39~~10 r

TOTAL PERIOD:
1970 - 1980

-- I- _

u .V

o 1 0

~0

' z 0\
100

i 10- 1

10- __1

3ID5

S0. 0.6 1 2 6 10 20

, aerodynamic particle diameter D (microns)
0 lX7_



FIG. NO: 28

<-i5°c -- GARMISCH (VALLEY 740 M) *

>+ 50 C PARAMETER= AIR TEMPERATURE AT ZUGSPITZE

3 DATA: TABLES 34,35

10- _-

TOTAL PERIOD:

1970 - 1980-- 10-

0 1[10 _

-o z _ _ __ . _

0

V 10- 1  ,__
C__
0
0

10--

0

- 10 - 02 1 103__ DA__ 05_1

0.2 0.6 1 2 6 10 20

aerodynamic particle diameter D (microns)



FIG. NO: 29
<-15 0 C WANK PEAK 1780 M *
>+ 5°C

PARAMETER= AIR TEMPERATURE AT ZUOSPITZE
3 10 - DATA: TABLES 36,37

10 -__

TOTAL PERIOD: _1

1970- 1980 _

10_

1\Vi
z 0 -

"o 10 "lz

o

10 - 1

o

U --10_2___ _.

S10- 3  __

I D2 iI DII
10 i D2 103 D ID

0.2 0.6 1 2 6 10 20

aerodynamic particle diameter D (microns)

---- .- ~--



FIG. NO: 30

<_15 0 c ZUGSPITZE PEAK 3000 M

>+5 0C PARAMETER= AIR TEMPERATURE AT ZUGSPITZE

3 DATA: TABLES 38,39

101H____

TOTAL PERIOD:
1970 - 1980

S__10-
E

o 10 _. _

S10 -_ __ _- _

_o __ ___r_

v10- __\_

C
o

o
, 10-_

IL 0- o t

0-
D1 22 IDA IDS I

0~1 V2 __ _

0.2 0.6 1 2 6 10 20

aerodynamic particle diameter D (microns)

- --S ~ - ' -'~---



G- W--- Z- FIG. NO: 31

740re 17B8rn 2964m
PARAMETER= RELATIVE HUMIDITY <40%

3 DATA: TABLES 40,47,54

10
TOTAL PERIOD:

1970 - 1980

10 z  -

.0 10 \_ \

o10

,. ---- 4,

0

0.2 I 0. 1 2 1 2

C p0r
o4

-lo

DI 02 D31 041. 05 1 1 1

0.2 0.61 2 6 10 20

aerodynamic particle diameter D (microns)



G- W--- Z FI. NO: 32

740m 1780m 2964m
PARAMETER= RELATIVE HUMIDITY >95%

3 DATA: TABLES 46,5 3, 60

10 - _ _- _ _

TOTAL PERIOD:
1970 - 1980

E _ _10 -_ _ __ _

_ _ L 2- _

u

S10

.- 100

0

C 10-_

o 10-

10-4 10-1 o4 DSt

0.2 0.6 1 2 6 10 20

aerodynamic particle diameter D (microns)
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F IG. NO: .33
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FIG. NO: 34
<40% WANK PEAK 1780 M *
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61-70% .... PARAMETER= RELATIVE HUMIDITY
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FIG. NO: 35
71-80% ... WANK PEAK 1730 M
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.. >95% --- PARAMETER= RELATIVE HUMIDITY
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<40% FIG. NO: 36
41-50% -- ZUGSPITZE PEAK 3000 M
51-60% ........
61-70% PARAMETER= RELATIVE HUMIDITY
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71-80% -FIG. NO: 37
81-90% . ZUGSPITZE PEAK 3000 M

>95% --- PARAMETER= RELATIVE HUMIDITY
3 DATA: TABLES 58, 59,60
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0-105 . / 3 FIG. NO: 3820-25 GARMISCH (VALLEY 740 M)20-25 It..
30-40 ......> 60 ....... PARAMETER= AEROSOL CONCENTRATION> 60-3 DATA: TABLES 61,62,63,64,65
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FIG. NO: 39
< .10-6g/m 3  - WANK PEAK 1780 M
10-15 of...
20-25 " PARAMETER= AEROSOL CONCENTRATION
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K I I _ _lI i '' ,

G--- w--- Z--FIG. NO: 40

740m 1780m 2964m PARAMETER= VERY LOW AEROSOL CONCENTRATION ON

3 DATA: TABLES 61,66,71 WANK< 5.10-6g/m 3
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FIG. NO: 41 >50 It.
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DATA: TABLES 65,70
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FIG. NO: 42

: k i mfo.) - GARMISCH (VALLEY 740 M)5-10 )an---
>40 km PARAMETER= VISIBILITY RANGE

DATA: TABLES 72, 73, 7403

TOTAL PERIOD:
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2-7 km- FIG. NO: 43
10-20 .. WANK PEAK 1780 M
40-50 k.
> 95 km PARAMETER= VISIBILITY RANGE

3 DATA: TABLES 75, 76, 77, 73, 7910,

TOTAL PERIOD:
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'-IF FI. NO: 44

740 m 1780m - PARAMETER= VISIBILITY RANGE 1 KM

io 3  DATA: TABLES 72,75
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G- W--5-1 km FIG. NQ: 45

740m 1780m 10-20 km

- PARAMETER= VISIBILITY RANGE
03 DATA: TABLES 73,77
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FIG. NO: 46

G- W--- Z-..-
740m 1780m 2964m PARAMETER-- VISIBILITY RANGE: VERY HIGH

DATA: TABLES 74, 79, 80

i 3  (VALLEY >40 KM, WANK >95 KM)
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FIG. NO: 47

G- W_-- Z-...-
74Gm 1780m 2964m PARAMETER= EXCHANGE COEFFICIENT BETWEEN VALLEY

AND WANK <5 G/CM. SEC (VERY LOW)

3 DATA: TABLES SI, 81, 95
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FIG. NO: 48

O- W PARAMETER= EXCHANGE COEFFICIENT BETWEEN VALLEY AND

740m 1780m WANK >)OOO G/CM. SEC
DATA: TABLES 37,94
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FIG. NO: 49
< 5 g/cm.sec I GARMISCH (VALLEY 740 M)

>1000 g/cm.sec------

.. PARAMETER= EXCHANGE COEFFICIENT BETWEEN VALLEY AND WANK

3 DATA: TABLES 81,37
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FIG. NO: 50
6-10 g/cm.sec .. WANK PEAK 1780 M

11-25 .. ...
26-50 ' PARAMETER= EXCHANGE COEFFICIENT BETWEEN VALLEY AND WANE

DATA: TABLES 89, 90, 91
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FIG. NO: 51

0- W--- Z-6.- PARAMETER= BERYLLIUM 7 ON ZUGSPITZE >18 PC/CU M
740 m 1780m 2964m (VERY HIGH)

3 DATA: TABLES 96, 97, 98
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